Abstract In this work, the removal of methyl orange (MO) dye by adsorption on silver nanoparticles (AgNPs) coated activated carbon (AC) has been studied. The effect of various process parameters has been investigated by the column adsorption technique. Equilibrium adsorption data of MO were carried out at room temperature. Using AgNPs-coated AC, 72.5 % of MO was removed, whereas only 50.0 % when using AC after reacting for 16 h with an initial MO concentration of 2 mg/L (pH = 7). The equilibrium time is independent of the initial dye concentration and the percentage removal of MO increased with increase in contact time. The adsorption data were analyzed using adsorption isotherm. The characteristic parameters for isotherm and related correlation coefficients were determined from graphs of their linear equations. Kinetic studies showed that the adsorption of MO followed pseudosecond-order kinetics. AgNPs-coated AC is found to be suitable adsorbent for the adsorption of MO. Desorption studies were made to elucidate recovery of the adsorbate and adsorbent for the economic competitiveness of the removal system. The AgNPs-coated AC was successfully recycled for 10 successive adsorption-desorption cycles indicating its high reusability.
Introduction
Textile industries have shown a significant increase in the use of synthetic complex organic dyes as colouring materials (Talarposhti et al. 2001) . Dye is carcinogenic, affects reproductive organs and develops toxicity and neurotoxicity (Lakshmi 1987) . Therefore, the dyes are to be necessarily removed from water and wastewater. Methyl orange (MO) is thought to be toxic if swallowed or inhaled and avoid skin contact with the solution or the solid. The structure of MO is demonstrated in Fig. 1 . Different processes for colour removal typically include physical, chemical and biological schemes. Some processes such as electrochemical techniques and ion pair extractions are relatively new for textile waste treatment, while others have been used in the industry for a long time. Adsorption has been found to be superior than other techniques for water reuse in terms of initial cost, simplicity of design, use of operation and insensitivity to toxic substances (Pal and Deb 2012a, b, c; Meshko et al. 2001) . Adsorption has been used extensively in industrial process for separation and purification. The removal of coloured and colourless organic pollutants from industrial wastewater is considered as an important application of adsorption processes (Al-qodah 2000) . Adsorption processes have been reported as low-cost techniques for the treatment of organic pollutants present in water (Bajpai et al. 2000 (Bajpai et al. , 2004 Shah et al. 2012; Chowdhury and Saha 2012; Djebbar et al. 2012; Belhachemi and Addoun 2011) . Activated carbon (AC) is the most common adsorbent for adsorption process due to its effectiveness and versatility. AC is usually obtained from materials with high carbon content and possesses a great adsorption capacity, which is mainly determined by their porous structure. AC is carbonaceous material of highly developed porous structure and highly specific surface area. Properties of AC such as their surface area, micro porous structure and surface chemistry can be tailored, making them versatile materials for a range of separation applications (Banasa et al. 1988) . These applications include the removal of contaminants from water and gas streams, and as catalyst support (Banasa et al. 1988) . AC is quite expensive and the higher the quality the greater the cost. Both chemical and thermal regeneration of spent carbon is expensive, impractical on a large scale and produces additional effluent and results in considerable loss of the adsorbent (Aksu 2005) . A porous carbon can be coated with a biocompatible polymer to give a smooth and permeable coat without blocking the pores. Polyvinylpyrrolidone (PVP) is soluble in water and other polar solvents. In solution, it has excellent wetting properties and readily forms films. This makes it good as a coating or an additive to coating over porous carbon. PVP is also used as a binder and complexation agent in agro applications such as crop protection, seed treatment and coating. Studies have been carried out aiming at developing more effective and selective adsorbent materials, which are abundant in nature, requiring little processing to decrease cost (Reddad et al. 2002) . Phenomenological adsorption was generally described by a graphic representation of the distribution ratios of adsorbate adsorbed per unit mass of the adsorbent and the concentration of the unabsorbed adsorbate at constant temperature. This graphic representation is known as the adsorption isotherm. Several types of adsorption isotherms (Chatterjee et al. 2010; Pavan et al. 2008) have been reported in the literature, but the most widely used are the Freundlich and the Langmuir isotherms (Nagda and Ghole 2009; Chen and Zhao 2009) .
Nanotechnology (Klefenz 2004 ) refers broadly to manipulating matter at the atomic or molecular scale and using materials and structures with nanosized dimension, usually ranging from 1 to 100 nanometres (nm). Nanotechnology is quickly developing in various fields like environmental and medical field. To meet diverse requirements, many efforts have been made on the nanoengineering of particle surface to tune the bulk properties, tailor the surface properties (e.g., charge density, functionality, reactivity, biocompatibility, stability, and dispersibility), produce hollow nanostructures materials, and create multifunctional composite nanoparticles (Zhang and Wang 2007) . Binding capacity of noble metal nanoparticles with dyes are more when compared to other nanoparticles. Novel metal crystallites such as silver and gold provide a more interesting research field due to their close lying conduction and valence bands in which electrons move freely. The free electrons give rise to a surface plasmon absorption band which depends on both the particle size and chemical surrounding. The stabilizers such as surfactants and ionic polymers cannot be easily removed from the surfaces of the formed silver colloids, which unavoidably affect the physiochemical properties of the resulting nanoparticles. The most widely used substances for the stabilization of metal nanoparticles are ligands and polymers, specially natural or synthetic polymers with a certain affinity towards metals, which are soluble in suitable solvents (Hirai et al. 1985) . The AC is an efficient adsorbent for removal of many chemical species (Mohammadi et al. 2011; Belhachemi and Addoun 2011; Chen et al. 2010; Mall et al. 2005; Meshko et al. 2001) , however, its reusability is poor due to the loss during desorption. Hence, the main objective of this investigation was to examine adsorption characteristic for MO on modified AC by silver nanoparticles (AgNPs) coating on it. The effects of such factors as initial concentration, contact time and pH along with adsorption kinetics and desorption were also studied.
Materials and methods

Materials
All chemicals and reagents used were of analytical grade (Molychem/Himedia/Merck). All aqueous solutions were prepared in triple distilled water. 1.0 9 10 -4 mol/L silver nitrate (AgNO 3 ), 0.5 mol/L glucose, 1 % PVP and different ppm MO solution were used.
Apparatus
The apparatus used a Samsung CE2877 domestic microwave oven (850 W, Samsung India Electronics Ltd. New Delhi, India) was employed for irradiating solutions. The particle size and morphology of the AgNPs were characterized by (Morgagni 268D) transmission electron microscope (TEM). Absorbance was measured with UV-visible (Perkin-Elmer Lambda20) spectrophotometer. The XRD measurements were carried out using (Bruker D8 Advance) X-ray diffractometer.
Preparation of silver nanoparticles
The reaction solutions were prepared by dissolving in triple distilled water 0.5 mol/L glucose, 1.0 9 10 -4 mol/L Fig. 1 Chemical structures of MO AgNO 3 and 1 % PVP in a 50 ml Pyrex flask to obtain a homogeneous reaction mixture and flask was placed on the turntable of the microwave oven. The mixture was irradiated at a power of 300 w for the duration of 4 min discontinuously to prevent an increase of pressure. After irradiation, the dilute colloidal solutions with pale yellow colours obtained were cooled at room temperature for further characterization.
Innovation of adsorbent
Initially, coals were nearby collected, slice into small round shape (10 mm diameter), washed, and dried (50°C) on hot plate. Adequate amounts of little pieces of AC were dipped into a colloidal solution of the prepared AgNPs capped with PVP, in a glass beaker (250 ml). The beaker was kept on a hob and the substance was heated gently at 50°C till dryness to remove the moisture from the substance. The PVP gives a polymeric support to fasten AgNPs over the surface of AC. The prepared adsorbent was taken for adsorption studies.
Adsorption studies
Adsorption isotherms describe the equilibrium relationship between bulk activity of adsorbate in solution and the moles adsorbed on the surface, at constant temperature. The MO was freshly prepared in ppm solution in triple distilled water. Adsorption experiment was conducted in which aliquots of MO solution with known concentrations were introduced into column containing accurately weighed amount of adsorbent. The adsorption of MO by AgNPs-coated AC was investigated in aqueous solutions at room temperature. To determine the equilibrium adsorption capacity of the MO by AgNPs-coated AC 100 ml of adsorbate solution of several concentrations was placed in a column and adsorbent was added. The flask was sealed with a stopper and rest for 16 h at room temperature. After 16 h the adsorbate equilibrium concentration was measured using a UV-visible spectrophotometer at 460 nm. MO concentration was determined as maximum absorbance (k max ), using a UV-visible spectrophotometer. The diagrammatic representation of adsorption isotherm is shown in Fig. 2 . Effect of various process parameters on the extent of removal of MO was studies. The data were analyzed statistically and interpreted. Percentage removal has been calculated using the following equations:
where, C i and C e are initial and equilibrium (final) concentration of dyes (in mg/L), respectively and m is the mass of adsorbent in g/L. The data were analysed statistically and interpreted. The data have been modelled with adsorption isotherms, namely Freundlich isotherm and Langmuir isotherm. The adsorption characteristics for wide range of adsorbate concentration are mostly described by adsorption isotherm (Freundlich and Langmuir), which relates the equilibrium adsorbate concentration in the bulk and the uptake of adsorbate on the adsorbent surface. Freundlich isotherm (Lata et al. 2008 ) is presented by the following relation:
where, K F and n are Freundlich constant, a characteristic of the system indicating the adsorption capacity and adsorption intensity, respectively. The Langmuir isotherm (Liu et al. 2012 ) is valid for monolayer adsorption onto a surface containing a finite number of identical sites
where, C e is the equilibrium dye concentration in the solution (mg/L), Q e is the equilibrium dye concentration on the adsorbent (mg/g), Q 0 is the maximum adsorption capacity of the dye (forming a monolayer) per unit weight of adsorbent (mg/g), and b is a constant related to the affinity of the binding sites (L/mg). The essential characteristics of the Langmuir isotherm can be expressed by a separation factor R L (Mall et al. 2005) , which is defined in the following equation:
the R L value shows the nature of the adsorption process to be unfavourable ( 
Results and discussion
Formation of silver nanoparticles
It is interesting to find that AgNPs can be synthesized with PVP, glucose and AgNO 3 promoted by microwave irradiation. Figure 3a shows the UV-visible spectrum of the prepared AgNPs in water. The colloidal silver solution thus formed exhibits a strong absorption at 420 nm. The yellow colour of the colloidal silver sample provides clear evidence for the formation of AgNPs. According to Mie's theory (Mie 1908 ), small spherical nanocrystals should exhibit a single surface plasmon band, whereas anisotropic particles should exhibit two or three bands, depending on their shape. Absorption spectra of larger metal colloidal dispersions can exhibit broad or additional bands in the UV-visible range due to the excitation of plasma resonances or quadrupole and higher multipole plasmon excitation.
Transmission electron microscope image was further used to characterize AgNPs. Figure 3b shows the TEM image. The photograph shows that most of the particles are nearly spherical. AgNPs thus formed were free from flocculation or aggregation for several months, suggesting that the polymer serves as a very effective protective agent for AgNPs. TEM image shows the average size of AgNPs to be 11 nm. The specific surface area of adsorbent is 3.14 cm 2 . The XRD patterns of AC and AgNPs-coated AC, shown in Fig. 3c , were also used to confirm the existence of AgNPs. AC shows peaks at 2h = 24.7°, 29.5°, 39.5°, 43.3°, 47.4°and 48.6°. After coating of PVP-supported AgNPs over AC a significant change in XRD pattern was observed. In the AgNPs-coated AC sample new peaks K F adsorption capacity, n adsorption intensity, R 2 correlation coefficients, Q 0 maximum adsorption capacity of the dye (forming a monolayer) per unit weight of adsorbent (mg/g), b constant related to the affinity of the binding sites (L/mg) R L nature of the adsorption process, k 2 pseudosecond-order rate constant appeared at 2h = 23. 0°, 26.6°, 29.4°, 36.0°, 39.4°, 43.2°, 47.4°, 48.4°, 57.4°, 60.6°and 64.6° . The crystallinity of AC was apparently lower than that of the AgNPs-coated AC. The results indicate that the crystallinity of PVPsupported AgNPs-coated AC was increased because of the formation of Ag nanoparticles.
Effect of initial MO concentration
The effect of initial concentration on the percentage removal of MO is shown in Fig. 4a . The percentage removal decreased with the increase in initial concentration of MO. This may probably be due to the limited number of available active sites on the surface of AgNPs-coated AC to accommodate higher concentration of MO.
Effect of contact time
Effect of contact time on the percentage removal of MO is shown in Fig. 4b . The percentage removal of MO increased with an increase in contact time and reached equilibrium after 16 h for the initial MO concentrations of 2, 4, 6, 8 and 10 ppm MO used in this study. The equilibrium time is independent of initial dye concentration. At the initial stage, the rate of removal of MO was higher, due to the availability of more than required number of active sites on the surface of carbons and becomes slower at the later stages of contact time, due to the decreased or lesser number of active sites (Toshima and Yonezawa 1998) .
Effect of pH
Effect of pH on the removal of MO by AgNPs-coated AC is shown in Fig. 4c . The percentage removal increased from 40.0 ± 0.7 to 72.5 ± 0.8, when pH was increased from 3 to 7 and the removal decreased thereafter. Colour removal due to pH change alone may be due to the structural changes being affected in the dye-molecules (Kannan and Karrupasamy 1998).
Equilibrium studies
As seen in the Fig. 5a the Freundlich model described the equilibrium adsorption process. Table 1 shown the values of the Freundlich parameters n and K F were 1.08 and 27.48 ± 0.55 mg/g, respectively. Figure 5b presents the Langmuir plot for the adsorption of MO onto adsorbent. The straight line in the figure satisfactorily described the Langmuir model for equilibrium adsorption process. The values of the Langmuir parameters Q 0 and b were 0.69 ± 0.55 mg/g and 0.06 L/mg, respectively. Freundlich values indicated that the adsorption of MO on adsorbent was quite fast with high adsorption capacity.
Sorption kinetics
Percentage removal of MO at a fixed adsorbent dose was monitored with time. The kinetics of MO removal by adsorbents indicated rapid binding of MO to the sorbent during first few minutes, followed by a slow increase until a state of equilibrium in 16 h was reached. No change in the uptake capacity was observed with further increase in equilibration time up to 24 h. The initial rapid phase may be due to increased number of vacant sites available at the initial stage, as a result there was an increased concentration gradient between adsorbate in solution and adsorbate on the adsorbent. Generally, when adsorption involves a surface reaction process, the initial adsorption is rapid. Then, a slower adsorption would follow as the available adsorption site gradually decreases. Kinetics (Chen et al. 2010 ) of sorption was modelled by the pseudo-secondorder equation models (Fig. 6 ). Rate equation for the pseudo-second-order model is given as equation:
e k 2 where k is the pseudo-second-order rate constant of adsorption (g/mg/time unit) and Q e and Q t were the amount of MO adsorbed (mg/g) at equilibrium and at time t, respectively. The adsorption kinetic data fitted best in pseudo-second-order model, where linear plot of t versus t/Q t was obtained. The correlation coefficients (R 2 ) and the rate constant for adsorbents are summarized in Table 1 which, suggests that adsorption is not diffusion-controlled but is chemisorption. Desorption studies help to elucidate the nature of adsorption and to recover the valuable MO from aqueous solution using the adsorbent. Attempts were made to the effective desorption of MO from the spent AgNPs-coated AC using 0.05 N HNO 3 . Adsorption and desorption data for percentage removal of MO by AgNPs-coated AC is shown in Fig. 7 . It was observed that the percentage removal of AgNPs-coated AC almost same after ten adsorptiondesorption cycles. This indicates that the application of dilute solutions of 0.05 N HNO 3 for desorption does not change the structural characteristics of the adsorbent. This further shows that AgNPs-coated AC is a good reusable adsorbent for the removal of MO from aqueous solution.
Comparison with other studies Table 2 shows a list of adsorbents used in wastewater treatment. Because of its great capacity to remove MO, AC is the most effective adsorbents. This capacity is mainly due to its structural characteristics and porous texture which provides a large surface area, further the chemical nature of it can be easily modified by chemical treatment to increase its adsorption properties. However, AC presents several disadvantages (Babel and Kurniawan 2003) such as expensive cost-the higher the quality, the greater is the cost, non-selective and ineffective against disperse and vat dyes. The regeneration of saturated carbon is also expensive, not straightforward, and results in loss of the adsorbent. To decrease the cost of treatment, attempts have been made to modify AC by AgNPs adsorbent. The loss of AC during recycling process by nitric acids was prevented by the coating of AgNPs over it. In addition, AgNPs provide more surface area for adsorption to occur on it and consequently this enhances the adsorption efficiency. Table 3 shows the extent of removal of the tested dye MO by different adsorbents at the optimized condition (pH * 7, 27°C, 16 h). It is clear from the observed data that the maximum degree of adsorption for different adsorbent systems, at a minimum concentration of dye tested, is in the order AC-PVP-AgNPs (72.5 %) [ AC-PVP (60.0 %) [ AC (50.0 %).
Conclusion
Silver colloidal solutions have been synthesized rapidly in chemically green condition. In this paper, we have studied the synthesis of AgNPs from AgNO 3 employing glucose as the reducing agent and PVP as the stabilizing agent. The UV-visible spectra showed that these synthesised samples have absorbance peak at 420 nm. The average size of AgNPs is about 11 nm via TEM images. The newly synthesized adsorbent, AC modified with AgNPs, was applied successfully for separation of MO from aqueous solutions before they were analyzed by spectrophotometer. The contact time for the maximum adsorption required is nearly 16 h. The data are well represented by Freundlich isotherm and Langmuir isotherm indicating favourable adsorption of MO by the adsorbent. The data on kinetic studies indicated that the adsorption kinetics of MO on AgNPs-coated AC followed the pseudo-second-order model. The adsorption efficiency of a regenerated AgNPs-coated AC adsorbent was found to be unaffected for at least ten cycles. The results of the present study conclude that AgNPs-coated AC is good adsorbent for removal of MO. 
